Several different mechanisms have been found to contribute to alterations in the sensitivity of tissues to insulin. One such mechanism is associated with changes in the number of insulin receptors, which may affect the ability of a particular tissue to respond to insulin. However, the mechanisms that are involved in determining the receptor complement of cells and tissues are unclear and the importance of changes in gene expression has been little studied. The aim of the present work was to investigate if changes in the amount of mRNA for the insulin receptor occur in conditions of altered insulin sensitivity.
Insulin receptor mRNA levels have been investigated in skeletal muscle and brown adipose tissue (BAT). Both tissues are important sites of glucose utilization and are targets for insulin action. An increase in insulin sensitivity has been found in fasted animals [ I I which has been shown t o be associated with an incrcase in the number of insulin receptors [2]. A decrease in insulin sensitivity in skeletal muscle has been demonstrated in the genetically obese Zucker rat which was accompanied by a decrease in the number o f insulin receptors [ 3 1.
Techniques have been established to detect the mRNA for the insulin receptor using a 1.5 kb human cDNA probe for the insulin receptor [4] . Total RNA was extracted from skeletal muscle and BAT using guanidinium thiocyanate/ phenol/chloroform [5 I. The RNA was resolved electrophoretically in 1.2% (w/v) agarose containing formaldehyde [6] and transferred by capillary blotting to a nylon membrane (Genescreen). The insulin receptor probe was labelled with j2P by random priming and hybridized to the RNA on the membrane. The membranes were exposed to autoradiography film for 5 days at -70°C. They were then rehybridized with a probe for the 18s rRNA gene [7] and exposed to autoradiography film for 6-16 h at -70°C. This provides an internal standard for the RNA samples in the respective experimental conditions. The intensity of the bands on the film was quantified using a QUlPS imageprocessing workstation (Torch Computers, Cambridge, U.K.) operating with VCS image processing software (Vision Dynamics, Hemel Hempstead, Herts, U.K.).
Two bands for the insulin receptor mRNA were detected in skeletal muscle and BAT from post-weaning lean and obese Zucker rats and Hooded Lister rats. The presence of two distinct bands, corresponding to 7.2 and 8.5 kb is thought to result from variable lengths of 3' untranslated sequences of the mRNA [8] and is consistent with previous observations in cultured mouse muscle cells 191 and rat tissues [ 101.
The levels of mRNA for the insulin receptor in skeletal muscle and BAT in response to fasting were examined. Twenty-eight-day-old male Hooded Lister rats were fasted for 40 h. A second group were re-fed for 4 h after this fasting period. As expected, the serum insulin levels in the fasted Abbreviation used: BAT, brown adipose tissue.
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Northern hybridization of total BAT RNA using a cDNA probe to the insulin receptor. Samples are shown in duplicate with 20 pg of RNA per lane.
animals were decreased when compared with the control group. The insulin levels were significantly raised when the animals were allowed to re-feed. In the fasted animals the level of mRNA for thc insulin receptor in BAT (Fig. I ) and in skeletal muscle was at least two-fold higher than in the control group. This appeared to decline in the re-fed groups. The level of 18s rRNA did not change in the fasted and the fasted/re-fed groups indicating that the observed changes related to alterations in the insulin receptor mRNA itself.
In conclusion, the present work shows that the changes in insulin sensitivity and insulin receptor number that arc associated with fasting are accompanied by changes in the level of mRNA for the insulin receptor. Thus, in muscle and BAT changes in receptor number appear to involvc prctranslational regulation. These results demonstrate nutritional regulation of mRNA levels. possibly through changes in gene expression.
